The assessment of the depth of anaesthesia in man has received much attention in recent years, following a number of reports of people being aware during surgery. A range of different measures have been suggested for determining the adequacy of anaesthesia in man, but such a critical assessment is rarely applied to laboratory animals. This article describes the methods used to assess anaesthetic depth in both man and animals, and compares the relative states of knowledge about anaesthetic depth in animals and man.
Anaesthetics
are administered to laboratory animals for a variety of reasons. In some instances, all that is required is a convenient and humane method of restraint to enable a nonpainful manipulation to be carried out. On other occasions, anaesthesia is required to allow major operative procedures to be undertaken without the animal experiencing pain. Since all anaesthetics have depressant effects on a range of body systems, it is desirable to adjust the depth of anaesthesia to be the minimum required for the particular procedure which is to be undertaken. In order to make this adjustment, some method of assessing anaesthetic depth is required. It is, of course, possible to use a very crude estimate of depth of anaesthesia, and in these circumstances the situation is similar to that prevalent Received 11 October 1991; accepted 12 March 1992 before the introduction of balanced anaesthesia in humans: I ••• and if the patient came off the operating table not too depressed, not too cyanotic and not too clammy to the touch, the operation was deemed a success and the anaesthesia at least adequate, if not indeed thoroughly satisfactory' (Little & Stephen, 1954) . This approach is clearly outdated, and most research workers would make some attempt to judge the depth of anaesthesia. If the animal is too deeply anaesthetized, then a higher incidence of death due to anaesthetic overdose will occur; if the animal is too lightly anaesthetized, then it may experience pain.
As well as concerns related to the welfare of laboratory animals, other reasons exist for assessing anaesthetic depth. Although anaesthesia is necessary to provide unconsciousness, restraint and abolition of pain sensation, the anaesthetic agents used may interfere with the aims of the experiment. Since the effects of anaesthetics are almost always dependent upon the quantity administered, reducing the depth of anaesthesia to the lightest level possible may minimize this interference and enable more meaningful scientific data to be acquired. Many studies carried out entirely under general anaesthesia also require that a constant and reproducible depth of anaesthesia is maintained throughout the procedure. Both requirements necessitate the development of reliable and reproducible methods of assessing depth of anaesthesia. The development of such techniques becomes even more important when neuromuscular blocking agents are administered. Since these prevent all voluntary movement by paralysing the skeletal muscles, assessment of anaesthetic depth by the relatively crude technique of testing withdrawal reflexes is no longer possible. A reproducible and reliable means of assessing anaesthetic depth is also required when comparative studies of different anaesthetic regimens are undertaken. Assessing which anaesthetic causes least depression of, for example, cortical function, blood pressure or respiratory rate, is meaningless unless such an assessment is made at dose rates which produce identical depths of anaesthesia.
Assessment of anaesthetic depth in man Almost since the introduction of anaesthetic agents, attempts have been made to quantify their effects on the patient. Snow described 'five degrees of narcotism' with ether in 1847, and in 1937 Guedel described the four stages of anaesthesia, subdividing the third stage (surgical anaesthesia) into four planes. These were based upon the reproducible and consistent loss of a variety of reflexes, mostly noted during the induction of anaesthesia.
Opioid premedication was introduced at the turn of the century, followed by the introduction of more potent volatile agents and, later still, barbiturates. These new anaesthetic regimens enabled the first two stages of anaesthesia to be traversed very rapidly, and surgical anaesthesia readily obtained. At this time the object of anaesthesia was to keep the patient at a depth of anaesthesia whereby respiratory and cardiovascular depression was minimal, yet the patient was sufficiently anaesthetized for the procedure to be carried out. The quotation from Little and Stephen (1954) cited above illustrates this perfectly. This approach was designed to reduce morbidity and mortality as much as possible, and is still the objective when most anaesthetics are given today. At this time most anaesthetics consisted of one or two drugs, and these had to provide unconsciousness (or hypnosis), analgesia and relaxation.
During the 1940s neuromuscular blocking agents, starting with d-tubocurarine, began to gain popularity. At first small doses were used, and ventilation was assisted as necessary. This then progressed to the use of much larger doses, Whelan & Flecknell ventilation being assisted from the outset. This technique of using neuromuscular blocking agents to provide muscle relaxation, and low doses of other drugs to provide unconsciousness and analgesia became known as 'balanced anaesthesia'. As experience with the technique increased, it was found that lower doses of anaesthetic drugs could be used with consequently less cardiac and respiratory depression. The advantage of these 'balanced anaesthetic' regimens was summed up by Ogilvie (1954) when he said 'So fearful was I of anaesthetics ... from 1927-1939, I performed all my gastrectomies and much of my major surgery under local analgesia alone'. He went on to say that 'The modern anaesthetist ... presents the operator with tissues in a condition to suit him, relieves him of all anxiety except for the technical details of the operation itself, and hands him back a patient alive and well and about to come round'. However, neuromuscular blocking agents provide no analgesia or hypnosis, only immobility, so reports began to appear of patients being able to recall events and conversations that took place (Winterbottom, 1950; Bogetz & Katz, 1984; Lyons & MacDonald, 1991) . This has led to considerable efforts to improve the methods of assessing depth of anaesthesia in man.
Definition of anaesthesia The arrival of 'balanced anaesthesia' has led to considerable discussion regarding the definition of anaesthesia. A definition was offered by PrysRoberts (1987) , that anaesthesia is the 'state in which, as a result of drug-induced unconsciousness, the patient neither perceives nor recalls noxious stimulation'. This implies that fluctuations in blood pressure, heart rate and other autonomic responses traditionally associated with light anaesthesia therefore have no relevance as long as the patient is unconscious. An alternative definition was offered by Pinsker (1986) , who regarded unconsciousness, paralysis and attenuation of the stress response as the requirements of anaesthesia. However, he pointed out that with the use of neuromuscular blocking agents, the only reliable way to monitor unconsciousness was to ask the patient postoperatively! Pinsker also regarded analgesia as not necessary for anaesthesia-if a patient is unconscious then there is no need for analgesia. However, in a balanced regimen, if a patient is conscious but is unable to move, analgesic drugs may be the only thing preventing excruciating pain being felt, and enormous psychological damage to the patient. Prys-Roberts' (1987) definition of anaesthesia includes the assumption that loss of consciousness is an all or nothing event, hence measuring 'depth of anaesthesia', in so much as it classically implies a gradation of anaesthesia, is not possible. This author implies that all that should be done is to assess whether the subject is unconscious and monitor the physiological effects of anaesthetic agents on the body at different doses, to ensure homeostasis is maintained.
This all or nothing view of consciousness is not a universally held view. Other research workers claim that loss of consciousness is a graded event and that at different levels of unconsciousness, different cerebral responses can be measured. For example, at relatively deep planes of anaesthesia, patients may retain memories of conversations that occurred intra-operatively at a subconscious level, if the content of the conversation is significant to the patient (Levenson 1965 ; in this study the anaesthetist asked the surgeon to stop as the patient was going blue!). The extensive study of auditory evoked potentials (see below) shows that cerebral response to sounds is lost gradually. Russell (1989) goes so far as to suggest that 'the state of anaesthesia may not even include unconsciousness'. Artusio (1954) described a series of operations he performed on patients in a state of 'analgesia'. These patients were able to converse with the author during thoracic surgery, yet at no time complained of pain, and remembered nothing post-operatively. Use of the isolated forearm technique (see below) suggests that in a balanced regimen, using low doses of anaesthetic drugs, the patient is in a similar state to that described by Artusio.
Although general anaesthesia has been variously defined in animals (Hall & Clarke, 1983; 155 Lumb & Jones, 1984)these definitions seem to be based on historical human anaesthetic practices. Surgical anaesthesia in animals is rarely defined, Lumb and Jones (1984) state 'Surgical anaesthesia is unconsciousness, accompanied by muscular relaxation to such a degree that surgery can be performed painlessly and without struggling on the part of the patient'. Since assessment of consciousness in animals is rarely attempted, we would suggest the following definition of surgical planes of general anaesthesia in laboratory animals as being the state in which an animal is immobile, unaware of the procedure being performed and has an attenuated stress response. This does not necessarily imply that the animal will be completely unresponsive to surgical stimuli. Spinal reflexes and autonomic responses may occur despite a lack of conscious awareness (see below).
Monitoring the depth of anaesthesia in man Although there is considerable discussion as to the definition of general anaesthesia in man, there is general agreement that it is necessary to monitor the patient to try to prevent awareness, pain sensation, recall or, at the other end of the spectrum, life-threatening depression of body systems. To achieve this aim, a variety of parameters are monitored.
Gross signs
These include the loss of consciousness (depending on how you view that event), failure to respond to verbal stimuli, loss of reflexes such as palpebral and corneal reflexes, reduction of muscle tone, changes in the rate and depth of breathing and assessment of the somatic response to surgical stimuli. These responses are all masked by neuromuscular blockade, but are extensively used in day-to-day laboratory animal anaesthesia where neuromuscular blocking agents are rarely used. When neuromuscular blocking agents are used in man, response to verbal and surgical stimuli can be ascertained by the use of the isolated forearm technique (Tunstall, 1977) . This involves applying a tourniquet to occlude the blood supply to the forearm before the neuromuscular blocking agent is administered. In this way the patient retains somatic control over the limb, and the anaesthetist can monitor the response to noxious stimuli and verbal instructions (usually to squeeze a switch in response to a recorded message). This technique has not become a part of routine anaesthetic practice, despite initial favourable reports. Breckenridge and Aitkenhead (1981) complained that 'surgery proved impossible while the cuff was inflated because of purposeful movement of the arm' , and concluded that this was not a good indicator of light anaesthesia. The problem in this case was resolved by removing the tourniquet thus causing paralysis of the arm. Post-operatively they found no instances of either dreaming or recall of intra-operative events. It is interesting to speculate, in the light of this information, on how the whole body would react to surgery if no neuromuscular blocking drugs were given, and raises the question as to whether or not we are harming our animals by anaesthetizing them deeply to achieve immobility?
Gross signs, taken as a whole, can give a good picture as to the depth of anaesthesia, but any one sign viewed alone can be misleading. In the 'simple' anaesthetic regimens there are many different gross criteria available for assessing depth,_ so if one parameter is unusual there are many others that can be used. It is generally assumed that if the patient moves in response to surgical stimulation he (she) is insufficiently anaesthetized, although this assumption may not be correct, since movement may not indicate conscious perception of surgical stimuli (see below).
Autonomic parameters
Generally, an increase in pulse rate at the time of surgical stimulation is assumed to indicate an inadequate depth of anaesthesia, and more anaesthetic is given until the response is inhibited. The same is true of arterial blood pressure; a significant rise is countered with more anaesthetic (a significant rise is assumed to be approximately 20070; Cullen, 1981) . Sweating and tear production are treated in the same Whelan & Flecknell way (both are absent in surgical planes of anaesthesia). Guedel described the use of the pupil as a guide to depth in ether anaesthesia, but these responses vary with individual anaesthetic agents (for example halothane tends to constrict the pupil whereas nitrous oxide and ether dilate the pupil), and with premedication (for example atropine produces pupillary dilation and opioids produce pupillary constriction). However, some generalizations can still be made; deep anaesthesia almost always produces an absence of eye movement, and reduces or abolishes the light response (Cullen et al., 1972) . However, the response may not necessarily be due to the higher centres of the brain perceiving pain, since it has been noted that 'brain dead' organ donor patients can show haemodynamic changes in response to surgery (Wetzel et al., 1985) , yet by definition there can be no conscious perception of pain. In the majority of cases though, if more anaesthetic agent is given after noting any of these responses, and the change is reversed, then the anaesthetist can be satisfied that the patient is anaesthetized to the best possible extent using these signs. Unfortunately, there have been a number of cases where all these parameters were stable, yet the patient was aware for the whole procedure (Cullen, 1981) . Whitacre and Fisher (1945) describe a case where they used local anaesthesia with curare for muscle relaxation. They said 'at first the patient complained of considerable pain and discomfort but at the end of one hour, after 200 mg of curare had been given, respiratory arrest occurred and consciousness was lost'. It is probable that the patient was aware of the whole procedure (curare produces no analgesia or alteration of consciousness), yet his blood pressure and pulse rate are reported as having been constant. This, together with the fact that no convincing evidence appears to have been published to support the contention that these changes accurately reflect the depth of anaesthesia, makes reliance on these criteria questionable (Hug, 1985) . Merkel and Eger (1963) first described the concept of Minimum Alveolar Concentration (MAC), which states that if a constant endexpiratory anaesthetic gas concentration is maintained for around 15min, then this could be assumed to be in equilibrium with the blood and brain gas concentrations. In experiments with dogs he found that a relatively constant alveolar gas concentration would suppress the response (a gross purposeful movement) to the same noxious stimulus in all dogs, although different stimuli required different MAC values to suppress responses. Eger then tried a similar experiment in humans. Using no muscle relaxants and inducing anaesthesia with the anaesthetic gas, he was able to determine the alveolar gas concentration that would suppress the response to surgical stimulation in 500/0 of patients. This value is the MAC so (usually referred to as MAC). It is interesting to note that although in 50llJo of the patients movement occurred, no recall was reported by any of his patients. Further work has shown that N 2 0 reduces the MAC value of volatile agents (for example 70070 N 2 0 reduces halothane requirement by 61llJoand isoflurane by 60llJo; Cullen, 1986) , that opioid analgesics reduce MAC values (for example fentanyl reduced isoflurane MAC by up to a maximum of 65-670/0; Cullen, 1986) and that MAC values are different for different procedures (MAC for incision of the skin is lower than that required for intubation; Stanski, 1986) . Also, extrapolation of MAC soexperimental data can be used to find the MAC 9s figure, the end expiratory concentration that ensures that 95llJo of people will not move in response to a defined stimulus. This, however, implies that the majority of patients are receiving an overdose of anaesthetic and so is of limited usefulness.
Minimum alveolar concentration and depth of anaesthesia
Commercial in-line monitors of alveolar gas concentration are readily available, in the form of small in-theatre units and mass spectrometers that take samples from numerous operating theatres in rotation, although expense precludes their use on a day-to-day basis in most animal 157 facilities. However, MAC values do exist for anaesthesia of most commonly used laboratory animals (Green, 1979; Cullen, 1986) .
The use of MAC as a means of assessing anaesthetic depth assumes that the lack of purposeful movement in response to a noxious stimulus equates with the loss of conscious awareness of pain. This assumption may not be valid, and movement responses may occur without conscious pain perception. If movement is abolished, then this may result in the patient being maintained at excessively deep levels of anaesthesia.
Minimum infusion rate and minimum intravenous concentration
With the increased awareness of anaesthetic gas pollution, and the potential health risks to theatre staff, there has been a trend towards total intravenous anaesthesia using agents such as thiopentone and propofol in conjunction with infusions of opioid analgesics like fentanyl and aIfentaniI. In this situation the main problem is that the pharmacokinetics of the intravenous agents are such that there tends to be a build up in body tissues due to redistribution of the drugs (metabolism being slow for barbiturates, but more rapid for propofol). Also there are wide differences between individual patients in their responses to particular drugs.
The principle of a 'minimum infusion rate' (MIR) for a particular drug has been proposed. However, this tends to be calculated in the early portion of anaesthesia when redistribution is at its greatest, and does not allow for build up. White and Kenny (1990) suggest that the MIR should be regarded as equivalent to the setting on a vaporizer, and that the equivalent to MAC values for any drug is the 'minimum intravenous concentration' (MIC) required to produce anaesthesia. Unfortunately the technology is not yet available to allow intraoperative measurement of MIC. What is available is computer assisted constant infusion using a standard infusion pump and a personal computer, together with software that allows for the pharmacokinetics of a particular drug, and also takes some account of the patient's build and body composition. Whilst being useful, it is still essential to monitor the patient constantly to ensure the correct depth of anaesthesia is maintained.
As with MAC, the use of MIR or MIC assumes that the absence of movement ensures that an appropriate depth. of anaesthesia has been attained.
Electroencephalogram
From as early as 1875 it has been known that anaesthetic drugs affect brain electrical activity, and there have been numerous reports on the effects of different anaesthetics on electroencephalogram (EEG) activity. The EEG reflects the degree of cortical activity in a patient, and can therefore be regarded as representing the degree of central nervous system (CNS) depression and therefore depth of anaesthesia. Courtin et al. (1950) described the use of the raw EEG to assess the depth of ether anaesthesia, but the use of this method, and any other use of the raw EEG, relies on subjective interpretation of the signal which relies on the experience of the operator.
The processed EEG offers more scope to the less experienced operator for monitoring the depth of anaesthesia. The raw signal is taken, usually from two or three leads, and subjected to Fast Fourier Transformation (FFT); a method of processing that reduces the raw EEG signal into its component parts, displaying them as a graph of amplitude against frequency. FFT has the advantage of allowing the processed EEG to be displayed in real time, so changes can be identified rapidly. The transformed signal can be analysed further to produce individual parameters that can be used to gauge anaesthetic depth.
One such method of processing which has been investigated is the spectral edge frequency; the frequency below which 950/0of the total power lies. This produced reasonable results for assessing anaesthetic depth, within the limited trials that have been performed (Rampil & Matteo, 1987; White & Boyle, 1989) . A similar type of derivation is the median frequency; the frequency which divides the total power of the EEG exactly Both these methods have yet to be assessed in large trials in day to day anaesthetic practice, with the usual 'cocktail' of drugs that this entails.
A commercial EEG monitor, the Cerebral Function Analysing Monitor (CFAM) has been used as an anaesthetic depth monitor (Frank & Prior, 1987) , together with the suggestion that it could be linked to a computer program that could recognize the signs of lightening of the anaesthetic, and warn the anaesthetist of the approaching problem. Unfortunately, to date no reports have appeared describing the use of the CFAM in this way.
Cortical evoked responses
When a patient is subjected to a repetItIve stimulus, such as a series of audible clicks [auditory evoked potential (AEP) ] , a changing pattern of light [visual evoked potential (YEP) ] or repeated stimulation of a peripheral nerve [somatosensory evoked potential (SEP)], and the EEG is averaged with respect to the application of the stimulus, then a distinct response can be found. This is seen as a series of waves that represent the passage of information from the brainstem to the cortex. Anaesthesia causes an increase in the time lag, or latency, between the stimulus and different response waves, which appears to be related to the depth of anaesthesia. Unfortunately, these potentials require the summation of at least 1000 responses (Lloyd-Thomas et al., 1990) , preferably more, to produce the evoked potential, so the process is not suited to a rapidly changing situation. Chi et al. (1990) found that VEPs can be significantly different with different agents. Again more work is needed before a final assessment can be made.
Lower oesophageal contractility
This was investigated as a possible method of assessing anaesthetic depth, owing to the fact that lower oesophageal musculature is smooth rather than striated muscle, and should be unaffected by neuromuscular blockade. This was found to be true, but various authors have concluded that lower oesophageal contractibility (LOC) is a poor indicator of anaesthetic depth (Isaac, 1989; Pace, 1990 ) with large numbers of false positives and negatives, leading to a poor predictive value of 25070 (Bogod et al., 1990) .
Anaesthetic depth in laboratory animals

Current anaesthetic methodology in laboratory animals
The vast majority of animal anaesthetics are performed using a limited number of agents; in laboratory animals these are usually administered as a single (intraperitoneal or intramuscular) injection, and we rely on these to provide adequate analgesia, hypnosis and muscle relaxation for the procedure to be performed. The dose of an injectable agent is also calculated to anaesthetize all the animals that it is administered to; MAC and MIC studies both show that there is a wide individual variation in response to a drug, so the administration of a single bolus will inevitably be overdosing many of the animals. If the anaesthetic agent has a narrow safety margin, then this will result in the deaths of many animals, and an unnecessarily severe challenge to many more. Administering intravenous anaesthetic agents slowly and to effect, or the use of inhalant agents for the induction of anaesthesia to a given stage is a far safer method and will give greater consistency from animal to animal.
Mortality rates for laboratory animal anaesthesia appear to be published relatively infrequently; they range from 8% in guineapigs (Hoar, 1969) , 1'4% in rabbits (Mero et al., 1987) , to a number of studies that report zero mortality (Jones & Simmons, 1968; Olson & Renchko, 1988) . The latter tend to be reports of new techniques using a very limited number of animals, and reliable data concerning the mortality associated with commonly used anaesthetics in laboratory species are not available at the present time. A recent report (Clarke & Hall, 1990) found an overall mortality rate in veterinary practice of one in 679 cases, compared to the human figure of one in 10 000. The attitude of researchers towards acceptable losses 159 varies however, from 1 . 4% being unacceptable (Mero et al., 1989) to 9% mortality being considered low (Wixson et al., 1987) ; obviously, given our current concern for animal welfare we should be aiming for the former attitude to predominate.
The considerably higher success rate in human anaesthesia seems to underline the inherent safety of 'balanced anaesthesia', and also highlights the value of the much more intense monitoring during the recovery period that occurs with human patients (a large proportion of the anaesthetic deaths in animals were thought to be due to inadequate airway protection). These comparisons raise the possibility that we are over-anaesthetizing laboratory animals, and/or are guilty of insufficient physiological monitoring, and that this is having a detrimental effect on the well-being of the animals, and possibly the validity of the experimental results which are obtained.
Assessment of depth of anaesthesia in animals
In general, anaesthetic depth in laboratory species is assessed by extrapolation from the human classification of depth, where, primarily, the abolition of reflexes is used. However, the reflex chosen has considerable bearing upon the apparent depth of anaesthesia. For example, Peeters et al. (1988) found that in the rabbit, using loss of the pedal withdrawal reflex as equating to surgical anaesthesia, administration of pentobarbitone resulted in the death of 5/6 of their animals through respiratory depression, and was not, therefore, a suitable anaesthetic. However, pentobarbitone has been used for many years to anaesthetize rabbits for surgical procedures (although its use has declined with the advent of safer regimens). To make matters more confusing Peeters et al. also found that the forelimb and hindlimb reflexes disappeared at different anaesthetic depths. Similarly in the rat, laparotomies have been performed on animals that lay quietly and unresponsive throughout the operation, yet a pedal withdrawal reflex was present at the start and finish of the operation (personal observation).
These animals had no response to pinching of the abdominal skin and had a very sluggish response to tail pinching. Again, there is a lack of information concerning the loss of which reflex responses in a particular species represents adequate anaesthesia for a particular procedure. Wixson et 01. (1987) performed perhaps the most objective assessment of the effects of anaesthesia on the rat. This included assessment of depth of anaesthesia by the abolition of various reflexes; unfortunately, these were not related to the depth of anaesthesia required for surgery, so we still do not have an indicator of the lightest depth of anaesthesia that is still compatible with safe and humane surgery.
The other mainstay of assessing anaesthetic depth in humans is to assess the response to a particular stimulus, usually the initial skin incision; if the patient shows no response (which could be anything from purposeful movement to a significant rise in blood pressure), then the anaesthesia is judged to be sufficient. This is not used commonly in laboratory animals because of concerns of causing pain to inadequately anaesthetized animals. Interestingly, in the initial studies to establish MAC values for volatile anaesthetics, none of the human patients who moved in response to a skin incision could remember the event (Eger et 01., 1965) , emphasizing once again that abolition of these reflex movements may not be necessary to produce surgical anaesthesia.
In larger animals, such as dogs, cats and rabbits, the measurement of heart rate, pulse and respiratory rate is very straightforward, and should be performed regularly throughout the anaesthetic period and into the recovery period. Blood pressure monitoring, if available, should also be used. These parameters are used to monitor the depth of anaesthesia, but as discussed earlier, the basis for this appears unsubstantiated.
Monitoring these parameters does, however, give a picture of the physiological status of the animal. This should enable the anaesthetist to respond to any changes and provide a safer anaesthetic.
Whelan & Fiecknell
Smaller animals are more difficult to monitor; peripheral pulse is not palpable, respiratory rates are rapid and difficult to monitor, so that even a 300/0 drop may be difficult to pick up with simple observation. This does not mean that monitoring is any less desirable, and in certain cases it may be more so. Heart rate can be monitored by the use of an ECG machine, and non-invasive blood pressure monitors are available for some species, so where possible these should be used to assess the status of the animal. Also a rectal thermometer should be used to ensure hypothermia does not occur.
Neuromuscular blocking agents are used in a variety of research applications. They are frequently employed to allow intermittent positive pressure ventilation, for example during thoracic surgery. They are also used extensively during neurophysiological studies to abolish skeletal muscle responses that would interfere with the neurone recordings which are being made. When these agents are used in experimental animals in the United Kingdom, the Home Office require that continuous monitoring of heart rate and/or blood pressure be performed to ensure adequate anaesthesia (Home Office Guidelines, 1988) . Autonomic responses such as changes in heart rate and blood pressure have been shown to be highly variable, and not necessarily to equate with a particular level of consciousness, with the possibility of awareness occurring undetected. At present, laboratory animal anaesthetists have little choice other than to use autonomic parameters as indicators of anaesthetic depth. In doing so, we may be producing dangerously deep levels of anaesthesia which can result in unnecessary deaths of our subjects, or conversely we may inadvertently cause the animals intense suffering. Clearly there is still much work to be done before we have the answer to this particular problem.
Conclusions
Anaesthesia in man was long considered to be an art, rather than a science. The use of neuromuscular blocking agents resulted in a shift in emphasis towards the scientific basis of anaesthesia, and produced a turn around in survival rates of surgery. Many laboratory animal anaesthetists and veterinary anaesthetists appear unaware that a scientific approach to the practice of anaesthesia is possible. The introduction of a more critical assessment of anaesthetic practice, particularly in relation to the assessment of anaesthetic depth, should lead to improved anaesthetic methodology, improved welfare for laboratory animals, and an improvement in the quality of scientific data obtained from experimental animals.
